Firms sometimes make selective or deceptive claims, which can have negative consequences for consumers, especially if consumers are not fully informed and the claims are hard to verify. This study aims to measure the decline in demand that a firm making such claims faces when caught. In addition, it seeks to understand which type of consumer these claims primarily affect. Using a panel data set of consumer purchases and firm advertising, the authors measure this impact by exploiting the fact that four popular products settled charges raised by the Federal Trade Commission. They further control for and document firm responses in terms of price and advertisement changes around the date of the settlement. Findings indicate a significant decline in demand following the termination of the claims, resulting in a 12%-67% monthly loss in revenue across the four products, which amounts to a $.40 million-$3.82 million loss in monthly revenue. They also find that these claims primarily affect consumers who are newcomers.
Demand for "Healthy" Products: False Claims and FTC Regulation
Firms often have incentives to make deceptive or selective claims, especially when such claims can lead to an increase in demand or can prevent substitution away from their products. Examples appear in our day-to-day world: products selectively claiming to be made with whole wheat even when whole wheat is not a main ingredient; products claiming to be "all natural" even when they contain synthetic compounds. The Federal Trade Commission (FTC) states, "In recent years there has been a trend in food advertising toward making unproven claims that eating certain foods can improve health and even reduce the risk of serious illnesses such as prostate cancer and heart disease." 1 Although regulatory bodies such as the FTC exist to safeguard consumers from deception, the vast number of companies and advertisements suggests that some claims are likely to go unnoticed for prolonged durations.
This study asks what (if any) consequences, in terms of consumer demand, firms that make false claims face when caught. The extent to which consumers respond to information about a firm's deceptiveness is unclear: if consumers were completely informed and knew the claims were false either through search (e.g., reading the ingredient list) or experience (e.g., having consumed the product once), any additional information should have no impact on demand. However, if consumers were uninformed, especially if the claims were hard to verify, demand could decline in response to new information about the firm's deception.
To measure how consumers respond to firm deception, we exploit the fact that, in our data, the FTC investigated four products for making false health claims. These companies reached agreements with the FTC that required a termination of the false claims on or before the dates of the publicly issued consent orders. The FTC issued each of these agreements with an accompanying press release. We use the timings of these consent orders as exogenous shocks that (1) reduced the levels of the false-advertising campaigns to zero and (2) led to widespread information diffusion, through national press coverage, about these misleading claims.
As an example, Kellogg's Frosted Mini-Wheats started making the claim in January 2008 that the cereal was "clinically shown to improve kids' attentiveness by nearly 20%" without making any change to the composition of its product. On April 20, 2009, the FTC issued a consent order that required Kellogg's to stop making this claim. For Frosted Mini-Wheats, this order implied both a discontinuation of television advertisements and a change in their front-of-the-box labeling. Associated Press, Reuters, the Wall Street Journal, and three other news services picked up the FTC press release later that day.
Our empirical strategy is based on comparing market shares before and after these FTC-issued public statements to give us a measure of the impact of consumers' response to firm deception. This measure combines the effect of the removal of the false claims with any negative publicity and any remaining unobservable supply-side factors that followed the FTC consent order. Our measure therefore provides an upper bound on the impact of false claims, the measurement of which is challenging for multiple reasons in an empirical context. First, little variation exists in whether a claim is present, because most claims accompany a product's introduction. Second, even if variation exists-for instance, a claim is introduced or removed after a certain date-these changes are likely to be endogenous and an active part of a brand's positioning strategy. Our empirical strategy, which uses exogenously determined claim termination as enforced by the FTC, overcomes these challenges.
Using household-level purchase data from products across four categories-Kellogg's Frosted Mini-Wheats cereal, Dannon's Activia yogurt, Dannon's DanActive yogurt drink, and the nutritional supplement Airborne-that were issued consent orders by the FTC, we find the revelation of firm deception led to a significant decline in demand. Because competitors as well as the impacted brand can choose to respond strategically around the date of the consent order, we further account for these responses. We find the decline in market share persists even after we control for the competitive environment, prices, and advertisements.
Our findings further indicate that exposure of firms' deceptive activities primarily affects newcomers rather than existing consumers. For Kellogg's Frosted Mini-Wheats, for which we have a start date of the false claim, we find evidence corroborating this heterogeneity: the sharpest decline in demand is for those households that, prior to the start of the false claims, had not purchased the product. These consumers are likely to have been the most influenced by the new-albeit false-information presented in the advertisements and frontof-the-box packaging. We also find directional evidence that markets that received more false advertisements prior to the consent order saw sharper drops in market share.
Quantifying the economic impact of the potential penalty a firm faces when caught, the drop in monthly revenue (compared with the peak sales prior to the consent order) ranges from $.40 million to $3.82 million-a 12%-67% monthly loss-across the four brands, with Airborne and Frosted Mini-Wheats the most affected. These figures show consumers severely penalize deceptive practices in these four product categories.
To understand whether firms benefited from the presence of false claims prior to the FTC order, we need to know how much of the revenue gain can be solely attributed to the false-claims campaigns. Frosted Mini-Wheats offers a case study because it is the only product that started making the claim without any change in product composition. A back-of-theenvelope calculation shows Frosted Mini-Wheats is likely to have gained between $59 million and $144 million in revenue in the 12-32-month window surrounding the FTC order, a substantial amount compared with the $4 million fund it settled to in a 2013 class-action lawsuit. Although these numbers control for all observable marketing activities (e.g., changes in price, ads, competitors' response), they should be regarded as an upper bound because firms might have launched other marketing activities independent of the false-claims campaign during this period.
CONTRIBUTION
Although studies have looked at the role of information on consumer decisions, the consequences of false or misleading health claims on consumer purchases have received little empirical attention. A large body of literature has studied the role of information, using shifts in regulatory policies. For example, Mathios (1990, 1995) find that after a regulatory ban on advertising health benefits was lifted, information acquisition became easier and more people were able to purchase healthier products; Dhar and Baylis (2011) find that a regulatory ban on advertising targeting children had a positive impact on reducing fast-food consumption. Jin and Leslie (2003) find that a policy change requiring restaurants to display hygiene-quality grade cards resulted in consumers becoming more sensitive to this information. Moorman (1996) studies the influence of front-of-package information on consumers after the implementation of the Nutrition Labeling and Education Act. This literature has, to our knowledge, not focused on the impact of misleading information.
Stated purchase intentions and consumer beliefs about brands making deceptive claims have been studied in lab settings: Olson and Dover (1978) experimentally create deception and measure the pre-and post-trial effects on brand beliefs, attitudes, and purchase intentions; Dyer and Kuehl (1978) measure brand beliefs and find that a one-time corrective advertisement is insufficient to restore brand beliefs to the correct levels. This literature has also looked at the type of claims that impact consumers: Burke et al. (1988) find that strongly positive but ambiguous claims performed better than true claims in terms of stated purchase intentions and beliefs; Snyder (1989) finds that implied-superiority claims were more misleading than noncomparative claims and that subjects were more likely to believe claims made by familiar brands as opposed to fictitious brands. More recently, this literature has examined various mechanisms to explain why consumers buy products that make false claims. Skurnik et al. (2005) find that letting consumers know a claim is false leads them to misremember it as true. LaTour and LaTour (2009) show that although a positive mood can impact detection of false claims, it also enhances positive feelings toward the brand. Johar (1995) finds consumers' involvement can explain whether or not they are deceived by an ad. Darke and Ritchie (2007) show that deceptive advertising creates distrust, which undermines the credibility of further advertising. We contribute to this stream of literature by empirically measuring consumers' response to firms making false health claims, using actual purchase data.
Perhaps closest to our study is that of Peltzman (1981) , who studies the effects of FTC regulation on the capital market, advertising expenditure, and market share of the impacted brands. Peltzman postulates that false advertisements should affect first-time buyers rather than loyal buyers. However, data limitations at the time forced Peltzman to rely on an aggregated yearly autoregressive market-share model that imposes strong assumptions on individual behavior, as pointed out in Givon and Horsky (1985) . On the other hand, our study exploits withinhousehold variation to identify heterogeneity in consumer responses. Heterogeneity in information processing has been shown by Bronnenberg et al. (2015) , who find experts in a certain category were more likely to buy the generic versions, whereas novices were more likely to buy the branded versions of an otherwise homogeneous product. Our study finds evidence supporting heterogeneity in consumers' responses to misleading information, whereby existing users are more likely to continue purchasing the product even after revelation of the firm's deceptive claims.
Researchers have studied firm deception in other contexts, such as buyers being misled by sellers' quality claims in the baseball card market (Jin and Kato 2006) , ski resorts deceptively reporting more snowfall on weekends when demand is likely to be higher (Zinman and Zitzewitz 2016) , and restaurants committing review fraud on Yelp (Luca and Zervas 2016) . Unlike these studies, which focus on experience goods where quality is observed postpurchase, our work focuses on products with credence attributes, where verifying the claims is difficult, even with repeated purchases. Our study is also related to the productrecall literature (e.g., Liu and Shankar 2015) . Whereas product recalls are in effect when the product presents a tangible danger to consumers, we study a very different effect whereby the product is not harmful per se. In other words, the product is safe to consume and continues to be sold, and only the specific falseadvertising messages have been recalled.
In the next section, we describe the data and provide reduced-form evidence on the impact of misleading claims on consumer demand. We then describe the demand estimation that controls for prices, advertisements, and the competitive environment to quantify the impact of these misleading claims. We also document firm responses in terms of price and advertisement changes around the date of the consent order.
DATA
We use the Nielsen Homescan data, which contain households' purchases at the UPC-date level; the Nielsen Retail Scanner data (RMS), which contain the weekly price at the UPC-store level for participating retailers; and the Nielsen Media data, which contain the ad spend, airtime, and frequency of campaigns at the creative-title level for each brand. The Homescan data consist of a panel of about 40,000-60,000 households, and the RMS data are generated by point-of-sale systems at about 35,000 participating stores across the United States. Both the Homescan and Media data span the years 2004-2012, whereas the RMS data span 2006-2012. We combine these data with the dates on which the FTC issued consent orders pertaining to various companies in the ready-to-eat (RTE) cereal, yogurt, yogurt drink, and nutritional supplement categories. To the extent the FTC focuses on cases that involve a high amount of injury to consumers, 2 our sample focuses on the more serious false claims. The relevant population of firms affected by the FTC consent orders can be found on the FTC website 3 and consists of cases and proceedings classified under the mission "Consumer Protection" and the topic "Health Claims." As of August 2015, 135 such cases existed. We restrict our attention to four of these cases on the basis of the following inclusion criteria (numbers in parentheses refer to the number of existing cases that fail to meet the listed criteria):
• The cases should not pertain to Internet scams or products sold only online (54).
• The case-filing date should be after 2003 and before 2012 to be within the time frame of the Homescan data (39).
• The cases should involve consumer product goods (e.g., insurance, tanning services, etc., were excluded) and be present in the Nielsen products file (22).
• The total number of category-specific purchase occasions across households in the panel should be at least 1,000 to ensure statistically meaningful measures (16).
This leaves us with four well-established products that are sold in retail stores. 4 Table 1 lists these products, the claims they were making, and the date the FTC asked them to terminate these claims. Figure 1 shows the front-of-the-package claims highlighted on these products prior to the FTC consent order.
Another product that satisfies these criteria is Kellogg's Rice Krispies. In July 2009, Rice Krispies was modified to include higher amounts of Vitamins A, B, C, and E, and it began making the claim that it "helps support your child's immunity." We do not include this product in our main analysis, because of a confounding factor that led to a firm-determined claim termination prior to the FTC order. The brand chose to remove the claim in November 2009 in response to the swine flu epidemic, issuing the following statement, which the press picked up: "While science shows that these antioxidants help support the immune system, given the public attention on H1N1, the Company decided to make this change." As a result, the claim terminated prior to the FTC order, which was issued in June 2010. Another confound arose because the FTC press release for Kellogg's Rice Krispies also emphasized Kellogg's Frosted Mini-Wheats, which had recently been issued a consent order, and Kellogg's, instead of just the impacted brand, Rice Krispies. We examine Rice Krispies in the "Discussion" section, wherein we discuss possible mechanisms that drive consumers response to deceptive claims.
The FTC typically conducts a private investigation of firms' claims prior to the release of a formal and public complaint.
The FTC does not disclose the start date of the investigation. Although the firm is made aware of the investigation, consumers and members of the press have no knowledge of it while it is being conducted. Thus, the informational impact of the termination notice occurs only after the date of the consent order. However, firms can choose to make changes (for the better) to their marketing activities prior to the announcement. We verify that normal advertising activities do not cease after the FTC order; that is, the brand replaces the false ads with other ads, ensuring our measure is one of false claims and not overall ad exposure. We explore this further in the "Firm Response" section.
We now provide some preliminary evidence that revelation of firms' deceptive claims can affect consumer demand.
Reduced-Form Evidence: Market Shares
Figures 2-4 plot the aggregate unit market shares of the impacted products over time. 5 The vertical lines in Figures 3  and 4 and the right vertical line in Figure 2 indicate the date of the consent order; the left vertical line in Figure 2 corresponds to the start of the misleading claims.
RTE cereal. Figure 2 plots the unit market shares of Frosted Mini-Wheats over time. The rightmost vertical line in the graph corresponds to April 2009, when the FTC issued a consent order to Kellogg's to stop making claims that eating the cereal increased children's attentiveness by nearly 20%. The plot indicates a fairly sharp decrease in market share after this event and a symmetric increase in market share before this event. 6, 7 Yogurt and yogurt drinks. In the refrigerated-yogurts category, Dannon was issued a consent order in December 2010 to stop making the claims that Activia "relieves irregularity" and that DanActive "helps people avoid catching colds or the flu." These claims had been present in the brands' advertising and packaging since their introduction-for Activia, in February 2006, and for DanActive, in January 2007. The specific settlement required that, unless the FDA approved such claims, Dannon could not state that its products reduce the likelihood of getting a cold or flu. In addition, Dannon could not claim their products had digestive benefits unless (1) it was clearly stated that three servings of Activia must be taken every day to obtain these benefits, or (2) reliable scientific evidence or two well-designed human clinical studies backed these claims. Figure 3 plots unit market shares for both Dannon products.
Nutritional supplements. Airborne is a dietary supplement that since its introduction had claimed it had "guaranteed cold-fighting properties" and stated, "If taken at the first sign of a cold symptom, its herbal formulation is clinically proven to nip most colds in the bud." The FTC in August 2008 issued a consent order to the company to stop making these unsubstantiated claims. Figure 4 shows a marked decrease in market shares following the FTC request to terminate these claims.
These figures indicate a perceptible impact of the FTC consent order and provide preliminary evidence of how much firms making misleading claims stand to lose. We next estimate aggregate market-share regressions that reflect the patterns depicted in these figures. These equations will form the basis of our disaggregate household-level analysis in the next section. Because market share of a brand already measures relative sales (the denominator is sales of all other brands), we first perform a reduced-form regression of market shares on the time since the consent order. We then perform a difference-in-differences (diff-in-diff) analysis using monthly sales as the dependent variable and all other brands as a synthetic control. In the next section, we control for all likely substitutes and the competitive environment using a parsimonious utility framework.
Aggregate Regression: Market Shares
To reflect the patterns in Figures 2 and 3 6 We check whether package changes or additional varieties were introduced close to the date of the FTC consent order. We find an increase in unique UPC counts prior to the FTC consent order, followed by a decrease a few months later. To check whether the market share increase and decrease correspond to this movement in UPCs, we limit our attention to the UPCs that are present in January 2008 and continue being present until January 2010. In other words, we hold constant the set of products since the false claims were introduced, ignoring any UPCs that were introduced or removed during the period of interest. The resulting market share closely resembles the pattern displayed in Figure 2 , providing evidence that the UPC additions/removals were not responsible for this market-share change. It is possible that the additional UPCs resulted in greater in-store features and displays, leading to an increase in demand, but to the extent that the greater shelf space featured the false claims on the packages, this result would still have been driven by the firm's deceptive practices. 7 The peak in the month immediately following the FTC consent order might reflect a lag in consumers' response to the order/press release. This is somewhat corroborated by the fact that the FTC usually offers a 30-day public comment period, and the Kellogg's case had many comments, as evidenced in the Letters to Public Commenters the FTC issued in July 2009 (https://www.ftc.gov/sites/default/files/documents/cases/2009/07/ 090731kelloggletter.pdf). Our demand estimates in the "Data" and "Household-Level Demand Estimation" sections are robust to removal of this month's data.
where s jt is the market share of brand j in month t, IðFalse t Þ is 1 if t belongs to the period when the focal brand f was making the false claims, and IðFTC t Þ is 1 if t belongs to the period after the FTC has issued the consent order to focal brand f. The terms IðFalse t Þ × ðt − tÞ and IðFTC t Þ × ðt − tÞ capture any upward/downward time trends before and after the event date t, respectively. In this specification, a Table 2 reports the results of these regressions. The estimates indicate all the impacted brands faced a decline in market share after the issuance of the consent order, as measured by both the drop in level and the declining trend after the order. This finding is largely consistent with Figures 2-4 as well.
We next show how the focal brand's monthly sales compare to a synthetic control.
Diff-in-Diff Analysis: Sales
Here, we treat all "other" brands in the category as the control and measure how far the focal brand is from this synthetic control after the FTC consent order. We specify the diff-in-diff estimator as
where k ftc,F = ½a ftc,F , b ftc,F is the vector of the diff-in-diff estimates comprising the intercept and slope for the focal brand (the increment over all other brands and the increment over the false-claims period) and sales jt is the monthly sales of brand j. Table 3 reports the relevant diff-in-diff estimates for the impacted brands, using sales as the dependent variable. All brands impacted by the FTC order exhibit a significant decline in sales as measured using this diff-in-diff estimator.
These regressions provide consistent evidence that the drop in market share and sales for each of the impacted brands is not likely to be due to other unobservable events that coincided with the issuance of the consent order. We now turn to a consumer choice model that controls for the competitive environment.
HOUSEHOLD-LEVEL DEMAND ESTIMATION
We now analyze the data treating each household as a unit of observation. In estimation, we focus on households that have purchased the focal brand at least once in the entire panel. For these households, we retain all purchases made within the category. We account for multiple purchases by treating each additional unit as a separate observation: when a household purchases more than one unit of a product, we replicate those observations N times, where N is the number of units purchased of that product on that purchase occasion (similar to Shum 2004) .
Within a product category, we assume a household makes a choice from C options every time a transaction occurs. The price of the chosen option is directly observed from the purchase panel data. We use the RMS data to construct the prices of the other options in the consumer's consideration set. For each brand, we construct an average within-market weekly price by averaging prices (per pound) of the brand across all stores and UPCs each week. We then match the products in each household's choice set to these market-level prices. For market weeks for which this observation is missing, we use the weekly national average (across markets). We aggregate prices to the market level because of missing price information at the store-brand level. The RMS data cover only a percentage of U.S. stores, whereas the Homescan data are representative Notes: Dependent variable is monthly sales of brand j. Level diff-in-diff is the change in intercept after the FTC order, relative to all other brands, Trend diff-in-diff is the change in slope after the FTC order, relative to all other brands. Standard errors cluster at the brand level.
of the entire U.S. population. As a result, other than for the purchased product, we do not have price information at the brand-store level for many stores.
We also construct a measure of ad seconds aired in each household's designated market area (DMA). Most of the brands advertise heavily at the national level. However, some advertising occurs at the local level. Specifically, the Nielsen data contain information on ads aired via national, network clearance, spot, and syndicated clearance TV. National represents all nationally aired advertisements via cable, network, and syndicated TV. Spot TV corresponds to ads aired directly in local markets. Network clearance and syndicated Notes: Dependent variable is household's brand choice on a given purchase occasion. Specification S1 estimates an alternative-specific logit model controlling for the relevant set of competitors. S2 adds controls for the price of the purchased brand as well as prices of the competing brands. S3 adds controls for advertisements at both the national and regional (DMA) levels. All specifications cluster at the household level; N household = 44,544; N observations = 5,177,394. The estimation uses data from the entire panel. For definitions of the parameters in the various specifications, see the main text.
clearance correspond to commercials that are fed from the satellite with the network or syndicated program and aired by the local affiliate in the market (Nielsen 2012) . We use the duration 8 (in seconds) of advertisements aired per DMA and match it to each household's DMA. Nielsen divides the United States into 210 DMAs. We do not observe other kinds of advertising, such as in-store displays, features, and non-TV advertising. To the extent these relate to the false-advertising campaigns, our coefficients of interest will capture these effects.
To construct the choice set, for each category, we start with the top nine brands by total sales. We then exclude any products that were discontinued. This approach leaves us with eight brands in the cereal category, six in the yogurt category, four in the yogurt drink category, and three in the nutritional supplement category. For cereal, we also add the store-brand frosted shredded wheat as an additional control. We also ensure these brands are likely to be purchased by the heavy 9 consumers of the impacted brand so that our analysis contains all likely substitutes. We aggregate the rest of the products into a composite brand called "Other." Note that doing so ensures our analysis still contains all products, including the discontinued ones. Following Shum (2004) Notes: Dependent variable is household's brand choice on a given purchase occasion. Specification S1 estimates an alternative-specific logit model controlling for the relevant set of competitors. S2 adds controls for the price of the purchased brand as well as prices of the competing brands. S3 adds controls for advertisements at both the national and regional (DMA) levels. All specifications cluster at the household level; N household = 35,837; N observations = 5,697,053. The estimation uses data from the entire panel. For definitions of the parameters in the various specifications, see the main text.
and for advertisement, Ad Other,t , we use the total air duration of all other advertisements,
where u jt is the sales volume of brand j at time t.
Utility Specification
We specify individual i's utility from purchasing brand j at time t as where a pre j is the consumer's preference for brand j before the focal brand began making the false claim; IðFalse t Þ is 1 if t belongs to the period when the brand was making the false claims; IðFTC t Þ is 1 if t belongs to the period after the FTC order; t is the date of the FTC order; t − t measures how far t is from the date of the consent order; 10 a ftc captures any effects of information dissemination or lagged consumer response. A priori, a brand might face either a level change, a trend change, or both. The vector F jt = fp jt , Ad jt g includes prices and the duration of aired national and local advertisements; g indicates a consumer's sensitivity to these firm-side variables F jt . q is the set of parameters fa j , gg governing a consumer's decision; and e ijt is the unobserved (to the researcher) shock, assumed to be independent across time and across all available options. 11 We estimate a different specification for each category to capture the specifics of that category.
The yogurt and yogurt drinks categories have no "before" period because the claims were present since product introduction. Hence, we use the following specification: Notes: Dependent variable is household's brand choice on a given purchase occasion. Specification S1 estimates an alternative-specific logit model controlling for the relevant set of competitors. S2 adds controls for the price of the purchased brand as well as prices of the competing brands. S3 adds controls for advertisements at both the national and regional (DMA) levels. All specifications cluster at the household level; N household = 8,828; N observations = 166,080. The estimation uses data from the entire panel. For definitions of the parameters in the various specifications, see the main text. 10 Because we capture declining market share via a time trend and specifically model the seasonality effects in the nutritional supplement category, we do not include time fixed effects. 11 To capture a more flexible substitution pattern, we also estimated a nested logit model, including all trips that are likely to be associated with a purchase within a similar category. For example, for cereal, we included all products that can be thought of as "breakfast goods": breakfast bars, granola, hot cereal, frozen waffles, pancakes, French toast, frozen/refrigerated breakfast, granola and yogurt bars, hominy grits, instant breakfast-powdered, toaster pastries, and wheat germ. All these modules belong to the broader product groups of "Breakfast Food," "Breakfast Foods-Frozen," and "Cereal" per Nielsen's category definitions. The resulting market-share changes using the nested logit estimates were qualitatively and quantitatively consistent with our logit model. Assuming that the unobserved (to the researcher) shocks follow a Type I extreme-value distribution, the probability that individual i chooses brand j at time t is given by When we aggregate the probabilities over all purchase occasions that i makes, the individual-level probability is
where I ijt is 1 if individual i purchased brand j on purchase occasion t. The overall log-likelihood across all individuals can then be written as
log Pr i ðqÞ:
Discussion on Endogeneity
We do not use instrumental variables for prices and advertisements for the following reason. Endogeneity concerns typically arise from omitted variable biases. Of particular relevance to us are two cases. In the first case, a variable exists that is unobserved by the researcher but is observed by both consumers and the firm. In our analysis, this is less of a concern, especially in the local window around the FTC order: if firms and consumers respond to the FTC press release, then explicitly including the before and after variables, IðFalse t Þ and IðFTC t Þ, in our analysis reduces such endogeneity concerns. The second case pertains to firms changing strategic variables in response to anticipated demand. For example, a firm may add a "gluten-free" label on its packaging responding to an increasing consumer trend for glutenfree products. A before-after analysis following this change will lead to an upward bias in the impact of the label. However, in our analysis, inference is based on the termination of the false claims and the revelation of deception to consumers, both of which are outside the firm's control.
RESULTS
We estimate the model including all the data postevent, which gives us a long-run measure of the impact of the event. This estimate is likely to be conservative, especially if market shares Notes: Dependent variable is household's brand choice on a given purchase occasion. Specification S1 estimates an alternative-specific logit model controlling for the relevant set of competitors. S2 adds controls for the price of the purchased brand as well as prices of the competing brands. S3 adds controls for advertisements at both the national and regional (DMA) levels. All specifications cluster at the household level; N household = 10,738; N observations = 285,603. The estimation uses data from the entire panel. For definitions of the parameters in the various specifications, see the main text. rebound quickly. We also estimate the model using shorter sixmonth and two-month periods after the event, and in the next subsection, we conduct a placebo test, pretending the event occurred at a different date.
The results of the demand estimation for all categories are reported in Tables 4-7 . In specification S1, we verify that the patterns presented in Section 2 hold even after we include the relevant set of competitors. Specification S2 controls for the price of the purchased brand as well as prices of the competing brands. Specification S3 adds controls for advertisements at both the national and regional (DMA) levels. All specifications cluster at the household level.
Because the relative magnitudes of all estimates matter, we simulate the market shares of all brands using the estimates from specification S3 to highlight the decline in demand. Figure 5 plots the percentage point decline in market share four months after the focal brand was required to terminate the false claims, relative to the market share just before. These figures provide further evidence of the decline in demand after the FTC consent order. All impacted brands face a large decline in demand even after we control for prices, advertisements, and the competitive environment. In the yogurt category, we find Yoplait faces a steeper decline than Activia, possibly because of spillovers to Yoplait, which caters to a similar segment as Activia. This 
Figure 5 CHANGE IN BRAND MARKET SHARES FOUR MONTHS AFTER FTC ORDER

Change in Market Share
Notes: The decline in market share four months after the FTC consent order is steepest for three of four focal brands: Frosted Mini-Wheats, DanActive, and Airborne.
hypothesis is partly supported by the fact that Yoplait in 2010 was advertising the digestive benefits of its yogurt. 12
Placebo Tests
Because market shares can fluctuate for many reasons, we conduct a placebo test to measure the drop in market share in a placebo period and compare it with the drop in market share after the termination of the claims. Whereas the previous analysis used all the data after the FTC consent order, we limit our analysis here to periods of six and two months before and after the order. For nutritional supplements, we use the threemonth peak flu season, from December to February. This provides an additional validity check on shorter-term effects.
We choose the placebo event as conservatively as possible, picking the date prior to the FTC consent order when the market-share dip appears to be the steepest in Figures 2-4 Table 8 reports the market-share changes four and two months after the FTC order/placebo, in the shorter periods using the six-and two-month windows, respectively. Demand estimates are provided in the Web Appendix. In all four cases, we find the drop in market share for the impacted brand following the consent order is steeper than the drop after the placebo event; that is, controlling for prices and advertisements explains most of the market-share decline following the placebo event but does not explain the decline after the FTC order. Moreover, the drop in market share for the impacted brand relative to other brands after the FTC order follows the same pattern qualitatively when we use the six-month or two-month windows compared with the longer time frame, providing us with a robustness check.
Economic Significance
To determine the magnitude of revenue decline relative to the peak, we project the estimated revenue decline to the U.S. a For nutritional supplements, instead of a two-month window, a threemonth window that spanned flu season is used.
Notes: The table presents the simulated drop in market shares after the FTC order or the placebo window, using estimates in Tables 1-4 in the Web Appendix. Boldface indicates impacted brands. Data used in the analysis are limited to six-and two-months before and after the FTC order/placebo windows. Notes: In-sample revenue decline four months after the FTC order, computed using estimates from specification S3 of the demand model. Projected numbers project these estimates to the U.S. population. Table 9 lists the in-sample revenue drop r j,t+4 − r j,t and the projected monthly revenue drop R j,t+4 − R j,t for the impacted brand, where r j,t and R j,t are the in-sample and projected revenues in the month of the FTC order, respectively. The table also lists the estimated monthly revenues, which closely correspond to the revenue/sales figures reported in news media. Frosted Mini-Wheats and Airborne are the hardest hit in terms of the decline relative to their peak sales. Perhaps more important is the firm's potential revenue gain from the false claims. To quantify this, we calculate the revenue gain for Frosted Mini-Wheats, for which we have a start date of the claims. If we assume the entire gain in market share from January 2008 (start of the false claims) to September 2010 (when Notes: Dependent variable is household's brand choice on a given purchase occasion. The specification estimates an alternative-specific logit model for two types of households: those with a history of prior usage and those who had never purchased before the false claim was made. The parameters for those who had not purchased prior to the claim: q + q new . The specification clusters at the household level; N household = 44,544; N observations = 5,177,394. The estimation uses data from the entire panel. For definitions of the parameters in the various specifications, see the main text. market shares seem to stabilize to pre-2008 levels) was due to the presence of the false claims, the total revenue gain for these 32 months from these claims is $105 million. While this number controls for all observable marketing activities (e.g., changes in price, ads, competitors' response), we cannot rule out other unobserved marketing activities conducted during this period that were independent of the false-claims campaigns. We therefore provide a few robustness checks to our revenue calculations. Using a shorter time frame, to capture the possibility of a shortlived effect, the revenue estimates indicate a gain of $59 million over one year surrounding the FTC order. Using raw marketshare data from the sample of households used in the estimation (i.e., households that purchased Mini-Wheats at least once over the panel), the estimate is $100.4 million. Using a more predictive/flexible modeling approach, 13 our revenue estimate is $144 million. Thus, our estimate of the revenue gain is in the range of $59 million-$144 million. This gain is substantial, even after we control for advertisement expenses (which were similar to those in 2008), relative to the 2013 class-action settlement in which Kellogg's agreed to a $4 million settlement fund.
Figure 6 HETEROGENEITY IN RESPONSES TO THE WITHDRAWAL OF THE MINI-WHEATS CLAIMS
These calculations show firms stand to gain from making false claims even if they are eventually caught. However, whether this is true in the long run is unclear, because consumers may begin to lose trust in the brand, and class-action settlements may involve larger sums.
Heterogeneity in Consumer Responses
We next explore heterogeneity in consumer responses to determine whom these claims affect the most. We first explore heterogeneity in consumer responses to the Frosted Mini-Wheats claim withdrawal, because we have a start and end date for the false claims for this product. At the start date of the claims (January 2008), the only addition to the product was the front-ofthe-package label without any product composition change. This 
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Notes: Activia attracted fewer newcomers in 2011; aditional existing users also declined, but at a lower rate. enables us to investigate the behavior of the households that had never purchased the brand before the false claims were made. 14 We classify households into two types according to whether they had purchased any units before the start of the claims.This is indicative of households that began purchasing Frosted Mini-Wheats because of the claims. Our hypothesis is that the drop in market share for this group is higher than for consumers who were already purchasing the product before the start of the false claims. Figure 6 plots the market share by the number of units purchased prior to January 2008. By virtue of our classification, we expect to see a regression to the mean, where heavy users' consumption levels drop and nonusers' consumption levels increase. However, our inference relies on the pattern at the date of the FTC consent order, when the market-share decline is starkest for the users who had not purchased prior to January 2008.
We further quantify this heterogeneity by estimating a demand system that specifically accounts for these two types of households: new,j g is the additional change over q for households that had not purchased prior to the claim. In this specification, the relevant parameter vector for the new households is q + q new . Table 10 reports the estimates for the existing and new households. Figure 7 plots the change in market share four months after the FTC consent order, relative to the market share just before. This figure shows that the termination of the false claims has the biggest impact on newcomers.
For the other three categories, we cannot make such a direct comparison because the claims were present in the products' messages since inception. Therefore, we cannot identify which consumers are likely to have purchased the brand because of the claim and which consumers purchased the product for other reasons (e.g., taste, brand loyalty). Instead, we examine the brand's ability to attract newcomers and retain existing users in the year of and the year after the FTC order. For each year, we define newcomers as those who had not purchased the brand in any previous year but purchased it that year. Existing users are those who had purchased the brand in any of the previous years and continued to purchase that year.
Figures 8-10 plot the additional percentage of newcomers the focal brand (and the top competitor) received each year compared with the previous year. The figures also plot the increase/decrease in the firm's existing users each year. Across all brands, we find that the percentage of newcomers joining the brand is lower for the impacted brand (and not the competitor brands) the year of or the year after the consent order. Existing users also begin to decline, but the drop is not as steep. Note that the competitors appear to be increasing their base of existing users at a stable rate. These figures provide additional evidence that the impacted brand's ability to attract newcomers drops drastically following the FTC order and that loyalty can play a big role in a firm's ability to retain its consumers. 14 In most categories, we find that consumers who differed on observable demographics exhibit little difference in purchase behavior. This finding is consistent with Bucklin and Gupta (1992) and Rossi, McCulloch, and Allenby (1996) , who find that purchase histories are more informative than observable demographics. In the nutritional supplement category, we find evidence that households with members over the age of 65 continue purchasing Airborne, and households with children under 12 stop purchasing Airborne (vs. households with no children).
We also estimated a model that incorporates unobserved heterogeneity using the latent class logit approach, similar to Gupta and Chintagunta (1994) . However, this approach picks up differences not central to our analysis. For example, using a class membership equation of the form h c z i , where z i includes a constant, prior usage, and demographics, leads to recovery of unobserved classes that differ most in the estimated price coefficient. Although useful in estimating the overall underlying heterogeneity in the population, this approach does not help recover a specific type of heterogeneity, which in our case is aimed at understanding which group leaves the focal brand and which does not.
Heterogeneity Across Markets
We next explore whether different markets respond differently to the false-advertising campaigns. To do so, we estimate the household-level choice model for DMAs where advertising is high (comprising the top 30th percentile of advertising duration) and for those where advertising is low (comprising the bottom 30th percentile). Figure 11 plots the market-share changes for the top and bottom DMAs. Although this is still a correlational exercise, DMAs that face more advertising seem to see the sharpest drops in market shares (except for the yogurt category).
Discussion
Mechanism. One limitation of this study is that the data enable us to analyze only four products. Future research will benefit from documenting market-share changes as more FTC orders are issued, and highlighting patterns indicative of the Notes: The figure shows the change in brands' market shares four months after termination of the false claims.
magnitude and duration of the effect, along with who is impacted. For instance, using our limited sample, it appears that products that have the backing of big brands regain market share in the long run (e.g., Kellogg's), whereas products without such backing suffer longer-lasting consequences (e.g., Airborne). Another hypothesis is that brands whose falsecredence claim is central to their differentiation strategy fare worse. This can be seen in the case of Airborne, which was hurt most in the long run. Brands that differ from their competitors on attributes other than the claim (e.g., in terms of taste) seem to fare better. The parent brand also might lose some equity (e.g., we see some evidence that Kellogg's Frosted Flakes was also affected when Frosted Mini-Wheats was issued a consent order). Finally, related to who is impacted, consumers with a history of usage prior to the FTC order are not as affected by the removal of the false claim, compared with newcomers. All of these patterns could serve as potential hypotheses to test as more products come under scrutiny, providing the researcher with a larger sample of products affected by the FTC regulation. Future research will also benefit from documenting what happens to firms that proactively remove deceptive claims prior to receiving an FTC order. Kellogg's Rice Krispies is one such case that provides us with preliminary evidence that such brands are penalized less by consumers. Table 11 shows the marketshare regressions using both the entire panel and a short-term two-month window. We do not find evidence that the brand was negatively impacted by the FTC order in the long run. This could be because the proactive withdrawal led to less penalty in terms of consumer response or because the product had the backing of a big parent brand, making it easy to rebound in the long run.
Strategic responses. If a firm responded strategically to an FTC order, for example, by advertising more or reducing prices, then in the absence of these strategic actions, the market-share drop would be higher. Thus, our estimate is a conservative one. We explore possible strategic actions further in the next section. In contrast, if the ads aired postorder were less effective, our estimate would overstate the effect. However, this scenario is less likely. As we show in the "Advertisements and False Claim Termination" section, some of the ad copies after the consent order were mostly identical to the ad copies before, with the only change that the voiceover made weaker claims. Moreover, our approach measures not only the effect of the aired ads but also the effect of the messages on the front of the box, which, apart from the claim in question, were identical before and after the consent order. Similarly, if the firm chose to dedicate fewer resources to the impacted brand and instead focused on other brands, our estimate would overstate the effect. In our case, Airborne provides a counterexample to this scenario: being a single-product firm, Airborne does not have another product to focus on, making the estimate unlikely to be an overestimate. We now turn to exploring possible firm-side changes in terms of price and advertisement responses. Figure 12 plots the price per pound of the impacted brands, averaged across DMAs. Across all brands, little perceptible change occurs in prices around the time of the consent order.
FIRM RESPONSE Prices
To test for such a change, we regress the impacted brand's prices on the average category price and test whether the price coefficient postorder is different from the coefficient preorder. Specifically, we test whether q where j is the brand and t is the unit of time (week, month, or quarter) 15 ; I(FTC) is 1 if t is after the FTC press release, and I(preFTC) is 1 if t is before the FTC press release; and q = ½a, b captures the level (intercept) and trend (slope) during the relevant period of interest. For nutritional supplements, we also test for level differences in the flu season versus the rest of the year, consistent with the demand analysis. We define the average category price, p t , as the weekly sales-volume-weighted average across all brands; that is,
where u jt is the sales volume of brand j sold in week t and J t is the set of all brands sold that week.
We further restrict our attention to shorter 6-and 12-month windows and perform a placebo test to test whether the difference q Overall, we find no systematic increase/decrease in prices around the timing of the FTC consent order for the impacted brands. The regression estimates are provided in the Web Appendix. Testing for differences across competitors, we find evidence of competitor response in the RTE cereal category: General Mills (GM) Honey Nut Cheerios and Cinnamon Toast Crunch exhibit increases in price. Although not conclusive or causal, this finding further highlights the importance of controlling for prices in the demand analysis.
Advertisements
In this section, we first explore when the focal firm might have changed its advertising. We use the Nielsen Media data and the Wayback Machine (https://archive.org/web/) to infer when the company might have taken action. In the "Total Ads" section, we quantify total ad quantity changes to measure changes after the FTC order.
Advertisements and false-claim termination. The FTC complaint for Frosted Mini-Wheats highlights two specific TV ads, shown in Figure 13 . In the Nielsen Media data, we can identify these ads based on the creative title, air date, and corresponding video files available on YouTube and Adland. Figure 14 plots the total airtime duration of these creatives at the national level for Kellogg's Frosted Mini-Wheats. Although the two creatives, which started in 2008, had already stopped at the time of the FTC order, existing packages containing the misleading claims were likely not replaced until the date of the order; a Flickr photo of a cereal aisle taken on January 27, 2009, confirms this. 16 The FTC order requires these claims be absent only after the order. Moreover, the ad that reappeared in https://www.youtube.com/watch?v=uXQKM7gxxo8 15 We aggregate the weekly price data to the quarterly level to avoid inconsistent standard errors that can result from the presence of serially correlated observations (Bertrand et al. 2004 For the remaining brands, all ad campaigns have the false claims. To identify when the brands might have responded to the order, we use the Wayback Machine. For Dannon, a perceptible change occurs in the website text between December 2010 and January 2011 (before and after the consent order). In particular, we see that the words "shown in several clinical studies," which were the subject of the FTC complaint, had been removed. The positioning of Activia largely remained the same.
For DanActive, national TV ads were discontinued in early 2009. Airborne seemed to have responded around the date of the FTC consent order, as evidenced in Figure 15 as well as in Airborne's website text. In April 2008, the text contained many details on how Airborne "combats the airborne germs and viruses that are all around in places like classrooms, offices and airplanes." In May 2008, the text no longer contained these claims.
This discussion indicates brands largely responded around the date of the consent order. More importantly, the informational impact to consumers occurred at the date of the consent order. We now examine whether these terminations led to overall changes in ad levels.
Total ads. Figure 15 plots the impacted brands' advertising duration in hours. To quantify possible changes in advertisements, we estimate the following regression equations for ad spend, duration, and frequency of advertisements at the brand-week level:
IðFTCÞ + e jt , (5) where Ad jt is the vector of ad-related variables fAdSpend, Duration, Frequencyg; I(FTC) is 1 if t is after the FTC press release, and I(preFTC) is 1 if t is before the FTC press release; and g = ½a, b captures the level (intercept) and trend (slope) during the relevant period of interest. For nutritional supplements, we test only for level differences in the flu season versus the rest of the year, consistent with the demand analysis.
As with prices, we test whether g using 6-and 12-month windows. We find that although Mini-Wheats faces a decline in ads following the order, the decline is not statistically significant in comparison with the drop in a placebo period. Activia, on the other hand, seems to face a decline when we use all data as well as in the placebo test using a 12-month window. There is no statistically significant change in ads in the yogurt drink and nutritional supplement categories. Note that the regression equations overstate significance because each observation is a week, resulting in highly correlated observations. Therefore, the significance of the decline we measure is an overestimate. The regression estimates are provided in the Web Appendix.
In the cereal category, only Kellogg's Frosted Flakes exhibits a significant increase in advertisements in this period. In the yogurt category, Stonyfield appears to have increased ad levels after the FTC order. These findings provide some evidence of possible strategic competitor response and highlight the importance of controlling for ads in the demand analysis.
Availability
After the FTC consent order, the impacted products might be unavailable in stores (e.g., manufacturers might need a few weeks to replace the packaging of their existing products). Lack of availability of the impacted products could explain the patterns observed in the data. However, a withdrawal of products from the shelves would imply an immediate sharp drop and a subsequent increase in market share. Because we do not observe this pattern in any of the products, our findings are likely not associated with lack of availability. However, the brand might be unavailable only in some stores, which could cause this gradual decline. To ensure that demand-side factors, rather than product unavailability, drive the decline in market shares following the FTC consent order, we check for discontinuity patterns in store availability.
Although the RMS data do not contain measures of availability, we infer store availability by exploiting the nature of the missing data. An observation in the RMS data can be missing if (1) the store did not report sales of the UPC that week (if this occurs, it should occur randomly and not systematically after the FTC consent order), (2) the UPC had no sales in that store-week, or (3) the product was not available. Although separating out the second and third possibilities is hard given the data, we take advantage of the fact that brand-level unavailability, if it occurs, should affect the entire brand and not just a single UPC. This is because per the FTC order, a firm must remove all units associated with the impacted brand, not just a single UPC. A brand typically has 20-70 UPCs associated with it. Aggregating UPCs to the brand level, Figure 16 plots the number of stores that sold at least one unit of the brand during the sample period.
Across all brands, only Dannon's DanActive exhibits a sharp drop in the count of stores that sold at least one unit of the product. We next verify whether the demand patterns documented thus far hold for DanActive, controlling for availability. To do so, we exclude stores where a product was available in early 2010 but unavailable late 2010 and early 2011. We restrict attention to only those stores present in the RMS data. The resulting market shares shown in Figure 17 are remarkably close to the ones plotted in Figure 3 , indicating the decline in market share is likely to be due to demand-side factors. We further verify for this subset whether reduction in retail support could explain the decline in demand. Controlling for feature and display, which are available for some stores in the RMS data, we find that our conclusions still hold.
Overall, we do not find a systematic change in policy. Our supply-side analysis shows a decline in ads for one of the brands (Activia), a reduction in number of stores where the product is available for another (DanActive), and a possible competitor price response in the cereal category.
CONCLUSION
This study finds that revelation of firms' deceptive practices can have a significant impact on consumer demand. The findings have implications for consumers, firms, and regulatory authorities. From a firm's perspective, making false claims appears lucrative, especially in the short run. A back-of-the-envelope calculation shows Kellogg's Frosted Mini-Wheats gained between $59 million and $144 million in revenue in the 12-to 32-month window surrounding the FTC order. Similarly, Airborne, whose main differentiator was its false-credence attribute, experienced fairly high market share prior to the FTC order. However, as more firms get caught making false statements and as class-action lawyers sue for even larger compensations, whether this revenue gain will hold for future brands is unclear. Furthermore, multiple violations by a single brand can cause consumers to lose trust in the brand. Measuring the effects of repeatedly misleading consumers will add to the literature on the long-run effects of advertising and is a suggestion for future work.
Regulatory bodies clearly play a big role, especially in the case of claims a consumer cannot reasonably verify. The role of the authority lies in ensuring the false claims are terminated, as well as ensuring consumers are made aware that a deception has occurred. Our work does not emphasize the mechanism by which consumers internalize the claims, namely, whether it is a response to the claims no longer being present or a response to information (via national press coverage) that the claims are false. The effect we measure is an aggregate of consumer responses to the termination of the claims, as well as to possible strategic firm-side responses in terms of price and advertisement changes. The firm-side data provide some evidence that competitors, especially in the cereal and yogurt categories, respond with price and/or ad changes.
Finally, because randomizing the presence of a false claim is nearly impossible in practice, our work provides an identification strategy that can be used in other contexts. In-lab studies are limited to hypothetical brands: one cannot credibly vary the presence of a false claim in a real brand because respondents can easily verify whether the brand makes that claim. For example, presenting respondents with a real brand but a hypothetical false claim can be easily checked in store or online, which could lead subjects to guess the experimental .4
